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© Mobile ion getterer for metal conductors. 



© A mobile ion getterer is added to metalization 
layers on an integrated circuit or discrete device to 
reduce mobile ion contamination therein. Preferably, 
chromium is used as the mobile ion getterer and is 
added to an aluminum target used as the metal 
source for sputtering the chromium and aluminum 
onto the integrated circuit or discrete device. This 



technique removes the need for ultra-high purity 
aluminum conductors or gettering material (P-glass) 
in contact with the metal conductors. This technique 
may be used with virtually ail metalization apparatus 
and processes used for depositing metal onto semi- 
conductor devices. 



FIG. / 



CM 
< 



CO 



in 



V f ORIFT 
(mV) 




CHROMIUM CONCENTRATION (ppm) 



Xerox Copy Centre 



BNSOOCID:<EP 0389171A2> 



1 

EP 0 389 171 A2 2 



MOBILE ION GETTERER FOR METAL CONDUCTORS 



1. Field of the Invention 

This invention relates to silicon integrated cir- 
cuits and discrete devices generally, and more 
specifically, to the suppression of mobile ion con- 
tamination from metal conductors on integrated cir- 
cuits and discrete devices. 



Background of the Invention 

It is known that metal-oxide-semiconductor 
field-effect transistors (MOSFETs) have certain 
electrical characteristics which vary with time and 
voltage bias. These variations in electrical char- 
acteristics are particularly noticeable in large gate 
area MOSFETs, such as power MOSFETs. For 
example, one such electrical characteristic, the 
turn-on voltage or threshold voltage of an MOS- 
FET, has been measured to vary over 500 millivolts 
from an exemplary desired voltage of two volts. 
This amount of variation can make circuits using 
these devices inoperable. The most widely recog- 
nized reason for the variations results from mobile 
ion contamination of the MOSFET by mobile ions 
present in dielectrics. Typically the source of such 
contamination is ionized sodium (Na*) found in 
silicon dioxide, which is used as gate insulator 
material for the MOSFETs and as the insulator 
between adjacent conductors in integrated circuits. 

The mobile ions in the silicon dioxide gate 
insulator shift the threshold voltage of the cor- 
responding MOSFET due to the charge of the 
mobile ions. This effect can be understood with 
reference to FIG. 3 which shows a portion of the 
exemplary MOSFET 1. Mobile ions (Na*) migrate 
from several sources (one of which is the conduc- 
tor metal 6, discussed below) through the gate 
insulator 3 (e.g., silicon dioxide) toward the gate 4. 
Some of the ions remain between the gate 4 and 
the MOSFET 1 channel (not shown) in the p layer. 
The charge on the mobile ions accumulates under 
the gate 4, shifting the gate voltage required to turn 
on the MOSFET 1 (threshold voltage) negatively, 
i.e., the MOSFET 1 acts as if a positive bias 
voltage were permanently applied to the gate 4 
thereof. The number of mobile ions Na* under the 
gate 4 varies with the magnitude of the bias volt- 
age applied to the MOSFET 1 and the length of 
time the bias voltage is applied. A layer of 
phosphorus-doped glass (P-glass) 5 is deposited 
over the gate 4 to trap (getter) mobile ions that 
come in contact with it from overlying layers (not 
shown), the source of mobile ions resulting mainly 
from contaminated manufacturing equipment. How- 



ever, a second source of the mobile ions is the 
aluminum conductor 6, shown here contacting the 
n+ source (or drain) of the MOSFET 1. Since the 
conductor 6 is in direct contact with the insulator 3, 

5 the P-glass 5 cannot getter all the mobile ions 
added to the insulator 3 from the conductor 6. 

In the manufacture of MOSFET 1, the source 
of aluminum for the conductor 6 is typically an 
aluminum target, having added thereto a small 

70 amount of copper to reduce electromigration of the 
aluminum at high current densities. Other metals 
may also be alloyed with the aluminum, such as 
silicon and titanium. The aluminum target is used 
in a sputtering apparatus in which the aluminum 

75 and copper target is slowly vaporized and depos- 
ited onto a workpiece, such as a wafer having 
integrated circuits or discrete devices thereon. This 
process is typically referred to as sputtering. If tha 
target or the chamber used for sputtering is con- 

20 taminated, then mobile ions will be introduced into 
the MOSFET 1 . One prior art approach is to use as 
pure an aluminum-copper alloy target as possible 
to minimize the introduction of mobile ions into the 
workpiece. However, the contamination in the sput- 

25 tering chamber remains and it is difficult to obtain 
very high purity targets at reasonable cost. Another 
technique involves modifying the fabrication pro- 
cess such that the conductor 6 never comes into 
contact with the oxide 3 and the P-glass 5 com- 

30 pletely surrounds the conductor 6. This technique 
complicates the fabrication process, reducing the 
yield of operational devices and increasing the 
manufacturing costs thereof. 

Another deleterious effect of mobile ion con- 

35 tamination on integrated circuits is the formation of 
low conductivity paths through the silicon dioxide 
insulator between adjacent conductors in an in- 
tegrated circuit. This effect is particularly trouble- 
some where two conductors in different levels of 

40 metallization cross. 



Summary of the Invention 

45 In accordance with our invention, the effect of 

mobile ion contamination in semiconductor devices 
is reduced without a significant increase in cost or 
changes to the processing steps used to make the 
circuits and devices. 

so These and other advantages of the invention 

are obtained generally by having at least one of the 
metal conductors on a semiconductor device, such 
as an integrated circuit or discrete device, include 
a mobile ion getterer. The mobile ion getterer is 
preferably chromium or a similar metal such as 
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molybdenum or tungsten. These advantages are 
further obtained by a method for including a mobile 
ion getterer in the metal used as conductors on the 
semiconductor device. The chromium acts as a 
getter to reduce the diffusion of mobile ion con- 
taminants from the metal conductors into the in- 
sulator layers of the device. 

Further, these advantages can be implemented 
in the apparatus for applying the metal conductors 
to the integrated circuit and to the source of metal 
in the apparatus. 

Brief Description of the Drawing 

The foregoing features of this invention, as well 
as the invention itself, may be more fully under- 
stood from the following detailed description of the 
drawings, in which: 

FIG. 1 is a plot of the threshold voltage drift 
of an exemplary MOSFET with different amounts of 
chromium added to the aluminum-copper alloy 
conductors used to contact the exemplary MOS- 
FET; 

FIG. 2 is a simplified diagram of a multiple 
target sputtering apparatus; and, 

FIG. 3 is a cross-sectional diagram of the 
exemplary MOSFET. 



Detailed Description 

To reduce the out-diffusion of mobile ion con- 
taminants from conductors on semiconductor de- 
vices, such as integrated circuits or discrete de- 
vices, a gettering material is added to the conduc- 
tor prior to, or during, deposition of the metal onto 
the semiconductor device. The added gettering 
material "getters" the mobile ion contaminants, 
such as ionized sodium (Na*), reducing the num- 
ber of mobile ions diffusing-out of the conductor 
into the semiconductor device. The gettering ma- 
terial is referred to here as a mobile ion getterer or 
gettering metal. Without the addition of the mobile 
ion getterer to the conductor, large numbers of 
mobile ions will diffuse into the insulation layers of 
the semiconductor device, such as silicon dioxide 
insulator layers, from the conductors. The mobile 
ions form low conductivity paths between the con- 
ductors or change the threshold voltage of MOS- 
FETs using the insulating layer to separate the 
gate and channel thereof, as discussed above, it is 
preferred, for aluminum or aluminum-copper alloy 
conductors, to add a small amount of chromium or 
similar metal to the conductors to getter the mobile 
ions within the conductor. 



Example 

In this example, the effectiveness of adding ths 
chromium to the aluminum or aluminum-copper 

5 alloy conductor to reduce the introduction of mobile 
ions into a MOSFET is demonstrated in FIG. 1. The 
curve in FIG. 1 represents the average measured 
threshold voltage (V t ) drift (variation) of actual 
MOSFETs with different amounts of chromium in 

10 the aluminum-copper alloy conductors 
(approximately 0.5% copper). Each group of MOS- 
FETs tested was formed on a common wafer and 
have substantially the same construction (similar to 
that shown in FIG. 3 and described above) and 

is chromium content in the conductors, and subject to 
substantially the same operating time and voltage 
bias. At least fifteen MOSFETs were measured in 
each group. As shown, when less than about 5 
parts-per-million (ppm) by weight of chromium was 

20 added to the aluminum-copper alloy conductors, 
the average threshold voltage drift was measured 
to exceed 200 mV. However, when approximately 
25 ppm. of chromium was added to the aluminum- 
copper alloy conductors, the average threshold 

25 voltage drift was measured to be less than about 
20 mV. 

It is understood that metals having chemical 
properties similar to those of chromium can be 
used as the mobile ion getterer, such as molyb- 

30 denum or tungsten. It is further understood that the 
concentration of the mobile ion gettering metal in 
the conductors is limited by the etchability, britt- 
leness, and the maximum desired resistance of the 
conductors as set by manufacturing and electrical 

as considerations. For example, the reststiviry of the 
aluminum conductors may be limited to an exem- 
plary maximum amount of 4 uohm-cm. for a 1.5 
um thick film of aluminum conductor. This limit 
serves to assure a minimal voltage drop across the 

40 conductors at high current densities. Using the 
exemplary 4 uohm-cm. resistivity as an upper limit, 
then the amount of chromium that can be added to 
the aluminum conductor may be limited to approxi- 
mately 7% by weight. 

45 The mobile ion gettering metal is preferably 

added to the aluminum or aluminum alloy target 
used as the source of metal for deposition onto a 
wafer, e.g., in a target used in a conventional 
sputterer, such as a Model 3190 sputterer by 

so Varian Associates of Palo Alto, CA. it is under- 
stood, however, that a second target having the 
mobile ion getterer therein can be used in conjunc- 
tion with the conventional aluminum or aluminum- 
copper alloy target in the sputterer to introduce the 

55 desired amount of gettering metal into the depos- 
ited metal. A diagram of an exemplary multiple 
target sputterer is shown in FIG. 2. A chamber 1 1 
houses targets 13, 14 and workpieces 15 (usually 
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silicon wafers). For purposes here, target 13 pro- 
vides the aluminum, aluminum-copper, aluminum- 
silicon or aluminum-silicon-titanium alloys for sput- 
tering onto the workpieces 15 while target 14 pro- 
vides the mobile ion getterer. It is also understood 
that other apparatus and methods for depositing 
metal can be used that allows for the addition of a 
mobile ion gettering metal into the conventional 
metal conductors, e.g.. evaporation and chemical 
vapor deposition. 



Claims 

1. A semiconductor device having at least one 
metal conductor characterized by the metal con- 
ductor having therein a mobile ion getterer. 

2. The semiconductor device as recited in 
claim 1, further characterized by the mobile ion 
getterer being of, singly or in combination, the 
following metals: chromium, molybdenum, tung- 
sten. 

3. The semiconductor device as recited in 
claim 2, further characterized by the concentration 
of the mobile ion getterer in the metal conductor 
being at least about 5 parts-per-million by weight. 

4. The semiconductor device as recited in 
claim 3, further characterized by the concentration 
of the mobile ion getterer in the metal conductor 
being about 7 percent or less by weight. 

5. The semiconductor device as recited in 
claim 4, wherein the metal conductor includes alu- 
minum. 

6. The semiconductor device recited in claim 5, 
wherein the metal conductor includes copper. 

7. The semiconductor device recited in claim 5, 
wherein the semiconductor device includes silicon 
dioxide. 

8. A method for making semiconductor de- 
vices, including the steps of forming at least one 
metal conductor on the integrated circuits, the 
steps of forming the metal conductor comprising 
the step of depositing a layer of metal having 
therein a mobile ion getterer. 

9. The method for making semiconductor de- 
vices as recited in claim 8, wherein the mobile ion 
getterer is, singly or in combination, the following 
metals: chromium, molybdenum, tungsten. 

10. The method for making semiconductor de- 
vices as recited in claim 9, wherein the concentra- 
tion of the mobile ion getterer in the metal conduc- 
tors is at least about 5 parts-per-million. 

11. The method for making semiconductor de- 
vices as recited in claim 10, wherein the concentra- 
tion of the mobile ion getterer in the metal conduc- 
tors is about 7 percent or less by weight. 

12. The method for making semiconductor de- 
vices as recited in claim 11, wherein the metal 



conductor includes aluminum. 

13. The method for making semiconductor de- 
vices as recited in claim 12, wherein the metal 
conductor includes copper, 
s 14. The method for making semiconductor de- 

vices as recited in claim 12, wherein the semicon- 
ductor device includes silicon dioxide. 

15. In an apparatus for depositing metal onto 
semiconductor devices, at least one source of the 

w metal characterized by having therein a mobile ion 
getterer. 

16. The metal source as recited in claim 15, 
further characterized by the mobile ion getterer 
being of, singly or in combination, the following 

75 metals: chromium, molybdenum, tungsten. 

17. The metal source as recited in claim 16. 
further characterized by the concentration of the 
mobile ion getterer in the metal deposited on the 
integrated circuit being at least about 5 parts-per- 

20 million by weight. 

18. The metal source as recited in claim 17 
further characterized by the concentration of the 
mobile ion getterer in the aluminum deposited on 
the integrated circuit is about 7 percent or less by 

25 weight. 

19. The metal source as recited in claim 18, 
wherein the metal source includes aluminum. 

20. The metal source recited in claim 19, 
wherein the metal source includes copper. 

30 21. A method for making a metal source for 

use in an apparatus to deposit the metal onto 
semiconductor discrete devices, characterized by 
adding a predetermined quantity of a mobile ion 
getterer to the metal source. 

35 22. The method for making the metal source as 

recited in claim 21 , wherein the mobile ion getterer 
includes, singly or in combination, the following 
metals: chromium, molybdenum, tungsten. 

23. The method for making the metal source as 
40 recited in claim 22, wherein the concentration of 

the mobile ion getterer is at least about 5 parts-per- 
million by weight. 

24. The method for making the metal source as 
recited in claim 23, wherein the concentration of 

45 the mobile ion getterer is about 7 percent or less 
by weight. 

25. The method for making the metal source as 
recited in claim 24, wherein the metal source in- 
cludes aluminum. 

so 26. The method for making the metal source as 

recited in claim 25, further characterized by adding 
a predetermined quantity of copper to the alu- 
minum source. 

55 
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